♦ ♦ ♦ ♦ ♦ Background: Peritoneal dialysis (PD) patients with severe peritonitis require catheter removal. It is often assumed that this approach, together with antibiotics, would eradicate the infection; however, some patients continue to have problems despite catheter removal. ♦ ♦ ♦ ♦ ♦ Method: We reviewed 30 consecutive PD patients in our center from 1997 to 2008 with recurrent loculated peritoneal collection after catheter removal for severe peritonitis. ♦ ♦ ♦ ♦ ♦ Results: Of the 1928 episodes of peritonitis that occurred in 702 patients during the study period, 11.1% required catheter removal and 1.6% developed recurrent peritoneal collection that required percutaneous drainage. Median time to diagnosis of intra-abdominal collection was 12 days after catheter removal (interquartile range 7 -61 days). In 25 patients (83.3%), aspirate of the abdominal collection was culture negative. In 17 patients (56.7%), the abdominal collection was recurrent and required repeated percutaneous aspiration. Only 3 patients had successful reinsertion of the peritoneal catheter but all had reduced small solute clearance after returning to PD. ♦ ♦ ♦ ♦ ♦ Conclusion: A small but not negligible proportion of patients with PD-related peritonitis develop recurrent intraabdominal collection that requires percutaneous drainage after catheter removal. The chance of a successful return to PD is very low in this group of patients. Direct conversion to long-term hemodialysis may avoid unnecessary attempts at peritoneal catheter reinsertion.
♦ ♦ ♦ ♦ ♦ Background: Peritoneal dialysis (PD) patients with severe peritonitis require catheter removal. It is often assumed that this approach, together with antibiotics, would eradicate the infection; however, some patients continue to have problems despite catheter removal. ♦ ♦ ♦ ♦ ♦ Method: We reviewed 30 consecutive PD patients in our center from 1997 to 2008 with recurrent loculated peritoneal collection after catheter removal for severe peritonitis. ♦ ♦ ♦ ♦ ♦ Results: Of the 1928 episodes of peritonitis that occurred in 702 patients during the study period, 11.1% required catheter removal and 1.6% developed recurrent peritoneal collection that required percutaneous drainage. Median time to diagnosis of intra-abdominal collection was 12 days after catheter removal (interquartile range 7 -61 days). In 25 patients (83.3%), aspirate of the abdominal collection was culture negative. In 17 patients (56.7%), the abdominal collection was recurrent and required repeated percutaneous aspiration. Only 3 patients had successful reinsertion of the peritoneal catheter but all had reduced small solute clearance after returning to PD. ♦ ♦ ♦ ♦ ♦ Conclusion: A small but not negligible proportion of patients with PD-related peritonitis develop recurrent intraabdominal collection that requires percutaneous drainage after catheter removal. The chance of a successful return to PD is very low in this group of patients. Direct conversion to long-term hemodialysis may avoid unnecessary attempts at peritoneal catheter reinsertion. P eritonitis is a serious complication of peritoneal dialysis (PD) and probably the most common cause of technique failure in PD (1-3). Although less than 4% of peritonitis episodes result in death (4), peritonitis is a "contributing factor" to death in 16% of deaths on PD (5). In Hong Kong, peritonitis is the direct cause of death in over 16% of PD patients (6) . Refractory peritonitis, defined as failure to respond to appropriate antibiotics within 5 days, should be managed by removal of the catheter to protect the peritoneal membrane for future use (3, 7, 8) . This approach is also recommended by the latest guideline for the management of PD-related infections, published by the International Society for Peritoneal Dialysis (ISPD) in 2005 (9) . In general, effective systemic antibiotics should be continued for another 1 -2 weeks after catheter removal. Although peritoneal adhesions may prevent reinsertion of the catheter, or continuation on PD may not be possible due to permanent membrane failure (3, 9) , most patients should, in theory, be adequately treated and the infection eradicated using this approach.
Accumulating evidence suggests, however, that a small proportion of patients continue to have problems. For example, Bilgic et al. (10) found that 8 of their 26 patients that were transferred from PD to hemodialysis had loculated intra-abdominal fluid collection. In another study, Moon et al. (11) found that 22.2% of patients with peritonitis-related technique failure had recurrent ascites; the risk was particularly high for those patients with persistently elevated serum C-reactive protein levels, indicating the possibility of ongoing infection. Here we review 30 consecutive PD patients with recurrent peritoneal collection after catheter removal for severe peritonitis.
PATIENTS AND METHODS

PATIENT SELECTION
All PD patients at our center gave written consent for reviewing their clinical data when they entered the di- 
RESULTS
From 1997 to 2008, 1928 episodes of PD-related peritonitis were recorded in 702 patients of our unit. The overall peritonitis rate was 1 episode/24.2 patient-months of follow-up. In 214 episodes (11.1%), catheter removal was required. We analyzed 30 patients (14.0%) that had loculated intra-abdominal collection requiring percutaneous drainage after catheter removal due to refractory peritonitis. The baseline clinical characteristics are summarized in Table 1 . The median number of previous peritonitis episodes was 2 (IQR 0 -4); in 9 patients, the index episode represented the first episode of peritonitis.
The microbiological causes of the peritonitis episodes are summarized in Table 2 . In short, nearly half the episodes were caused by Pseudomonas species. Twenty patients (66.7%) were initially treated with cefazolin plus ceftazidime; the initial treatment for the rest was cefazolin plus netilmicin (7 patients) or vancomycin plus ceftazidime (3 patients).
CLINICAL FEATURES
Median time from onset of peritonitis to catheter removal was 9 days (IQR 6 -13 days). We did not find any alysis program. All episodes of PD peritonitis in our unit from 1997 to 2008 were reviewed. Data were collected by reviewing the Hong Kong Renal Registry database as well as the hospital records of individual patients by the investigators. The diagnosis of peritonitis was based on at least two of the following (12,13): (1) abdominal pain or cloudy peritoneal dialysis effluent (PDE); (2) leukocytosis in PDE (>100/mL); and (3) positive Gram stain or culture of PDE. Episodes with peritoneal eosinophilia but negative bacterial culture were excluded.
During the 12-year study period, we identified 30 patients (14.0%) from whom the catheter had been removed and that had subsequent loculated intraabdominal collection requiring percutaneous drainage. Their clinical records were reviewed. In essence, the baseline and clinical data, including age, sex, underlying renal disease, PD regimen, and history of peritonitis, were recorded. Comorbid conditions were also recorded. The modified Charlson Comorbidity Index, which has been validated in PD patients (14) , was used to calculate a comorbidity score. The results of peritoneal equilibration tests were also reviewed.
PATIENT MANAGEMENT Peritonitis episodes were treated with the standard antibiotic protocol of our center, which has changed systemically over time (15) . Initial antibiotics for peritonitis were generally intraperitoneal administration of a third-or fourth-generation cephalosporin, plus or minus vancomycin, or cefazolin plus gentamicin. Antibiotic regimens for individual patients were modified when PDE culture results became available. We followed standard guidelines for antibiotic dosages (9, 13) . In general, patients received antibiotics for at least 14 days. For peritonitis episodes caused by Staphylococcus aureus, Pseudomonas, or Stenotrophomonas species, treatment with two effective antibiotics was given for at least 21 days. In general, S. aureus peritonitis was treated with cefazolin or vancomycin; most patients also had rifampicin as the adjunct therapy. Pseudomonas peritonitis was generally treated with an aminoglycoside and a thirdgeneration cephalosporin.
As described in our previous report (3), if the PDE did not clear up by day 5 -10 despite in vitro sensitivity of the bacterium, the Tenckhoff catheter was removed without peritoneal lavage. Nevertheless, the actual timing of Tenckhoff catheter removal varied for individual patients due to the availability of an operating theater. In general, we did not perform an abdominal CT scan before catheter removal. After catheter removal, patients were put on temporary hemodialysis and the appropri- clinical parameters that could predict the development of intra-abdominal collection. For example, there was no difference in the initial presentation or baseline PDE leukocyte count between patients that subsequently developed intra-abdominal collection and those that required catheter removal but did not have a collection, nor was there a significant difference in PDE leukocyte count on day 3 or 5, or percentage of PDE leukocyte reduction on those days (details not shown). Presenting symptoms included persistent fever (17 patients), persistent abdominal pain (12 patients), clinical bowel obstruction (21 patients), persistent leukocytosis (20 patients), elevated inflammatory markers (20 patients), and clinical ascites (7 patients). Median time of diagnosis of intra-abdominal collection was 12 days after catheter removal (IQR 7 -61 days). In 24 patients, contrast CT scan of the abdomen was performed. The findings are summarized in Table 3. MANAGEMENT AND OUTCOME All patients underwent percutaneous drainage under ultrasound guidance. In 25 patients (83.3%), aspirate of the abdominal collection was culture negative and differential cell count revealed a predominance of macrophages in the drainage fluid. The same organism was isolated from abdominal aspirate in 3 patients, while the organism from abdominal aspirate was different from that of the PDE in 2 patients. In 17 patients (56.7%), the abdominal collection was recurrent and required repeated percutaneous aspiration. For those patients that required more than one percutaneous aspiration, the median number of aspirations was 3 (IQR 2 -4). None of the patients was treated with systemic steroid or tamoxifen for a sterile abdominal aspirate.
Of the 30 patients, 9 died before any attempt of Tenckhoff catheter reinsertion was possible. The causes of death were persistent peritonitis with or without overt septicemia (7 patients) and myocardial infarction (2 patients). Two patients had post-mortem examination; both showed nonspecific peritoneal inflammation without overt peritoneal sclerosis. Median survival of the other 21 patients was 41.9 (range 2.3 -106.8) months; 4 patients died within 12 months (2 due to chest infection, 1 due to myocardial infarction, 1 in whom dialysis was terminated due to poor quality of life). Two patients had subsequent hospital admissions for bowel obstruction; neither patient had overt encapsulating peritoneal sclerosis (EPS) and both responded to conservative management.
Other than the 9 patients that died within 6 weeks of catheter removal, reinsertion of a Tenckhoff catheter was (Table 4) .
DISCUSSION
In the present study, we found that 1.6% of patients with PD-related peritonitis developed recurrent intraabdominal collection that required percutaneous drainage after removal of the Tenckhoff catheter. The incidence of recurrent intra-abdominal collection after peritonitis in the present study appears to be lower than in previous reports (10, 11) . A number of possible explanations could account for the discrepancy. Notably, previous series included asymptomatic patients with ascites fluid found incidentally (10) and patients that were converted to long-term dialysis and developed delayed ascites, which could be related to hemodialysis rather than the original episode of peritonitis (11) . In addition, our patients were more aggressively treated with antibiotics before catheter removal and a double antibiotic regimen was often given (16, 17) , which may account for the lower incidence of subsequent fluid collection.
In general, we performed percutaneous drainage of the collection; repeated aspiration was sometimes needed because of recurrent or multi-loculated collection. Theoretically, our patients may represent either collection with an infective origin or loculated ascites secondary to intra-abdominal adhesions. In clinical practice, however, it is often difficult to discern the two. In this series, 16 patients were still receiving antibiotics when peritoneal collection was diagnosed and antibiotics were changed only if there was a positive Gram stain or clinical evidence of ongoing infection. Because 40% of the patients required repeated aspiration, therapeutic strategies to prevent recurrent collection (and probably to preserve the peritoneal membrane) would be an interesting area for further research. For example, intrapleural fibrinolytic therapy confers significant benef it in reducing the requirement for surgical intervention in patients with complicated parapneumonic effusion or overt empyema (18) . It remains to be seen if a similar approach would work for abdominal collection after peritonitis.
There are a few inadequacies in the present study. In this series, we did not study patients with EPS. In fact, we reviewed only the patients with intra-abdominal collection that required percutaneous drainage. It is our clinical impression that many asymptomatic patients would have ascitic fluid found during an attempt to reinsert a Tenckhoff catheter. Because we did not screen for abdominal collection after Tenckhoff catheter removal in all patients, the exact number of patients with this problem is unknown and our series likely represents the tip of the iceberg. On the other hand, the clinical significance of asymptomatic abdominal collection is poorly defined.
Since a substantial proportion of our patients had intra-abdominal collection and clinical bowel obstruction, it is possible that some of the patients actually had an early form of EPS. However, findings on abdominal CT were substantially different between our patients (see Table 3 ) and published series of EPS (19) , and few patients had recurrent intestinal obstruction, suggesting that most of our patients did not have EPS. It is also important to realize that the baseline peritoneal transport presented in Table 4 represents the value at the initiation of PD. In theory, it would be ideal to know the peritoneal transport characteristic shortly before the onset of peritonitis. Unfortunately, our unit did not have a policy of regular peritoneal equilibration testing for all PD patients.
It could be argued that, in many of our patients, the Tenckhoff catheter was not removed promptly despite poor response to antibiotics. Median time from onset of peritonitis to catheter removal was 9 days in this series, which is substantially longer than the current recommendation (9). As described in our previous studies (16, 17) , catheter removal was not infrequently delayed in our center because of practical difficulties. It remains unknown to what extent delayed catheter removal contributed to the development of recurrent abdominal collection, and whether performing peritoneal lavage during catheter removal would prevent the development of a collection. In summary, we report a series of 30 patients with recurrent abdominal collection after catheter removal for PD-related peritonitis. The chance of successful return to PD is very low in this group of patients. Direct conversion to long-term hemodialysis may avoid the unnecessary attempts of peritoneal catheter reinsertion.
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